A unilateral injection of 6-OHDA (6 pg/lS Al) was made into the fields of Fore1 in order to estimate the effects of the destruction of ascending dopaminergic (DA) pathways on the denervation supersensitivity of DA Dl receptors in the rat striatum.
DA-sensitive adenylate cyclase activity was markedly enhanced in the anteromedian part of the striatum 3 weeks after the lesion (+66%) and remained elevated for several weeks thereafter (+36%).
A different response occurred in the laterodorsal striatum, where the increase in DA-sensitive adenylate cyclase activity was less pronounced after 3 weeks (+40%) and no longer present after 7 weeks. Estimations of catecholamine levels indicated that the lesion made destroyed not only nigrostriatal DA neurons but other ascending catecholaminergic fibers projecting into the cerebral cortex as well. In addition, retrograde transport experiments made with wheat germ agglutinin coupled to horseradish peroxidase indicated that the anteromedian part of the striatum, but not the laterodorsal one, receives both an ipsi-and contralateral cortical projection originating in the prefrontocortical DA field. When the destruction by 6-OHDA of this contralateral DA innervation was combined to the unilateral lesion of the fields of Forel, the increase in DA-sensitive adenylate cyclase activity in each striatal area 3 or 7 weeks postlesion was prevented. This effect was due to DA denervation of the prefrontal cortex since striatal Dl denervation supersensitivity was still observed when contralateral ascending noradrenergic fibers were selectively destroyed by a 6-OHDA lesion made laterally to the pedunculus cerebellaris superior. These results suggest that, by controlling the activity of corticostriatal neurons, the mesocorticoprefrontal DA neurons exert a permissive role on the development of Dl -receptor denervation supersensitivity in specific areas of the striatum.
In the CNS, dopaminergic (DA) neurotransmission is mediated through 2 main types of DA postsynaptic receptors: The larger population of these receptors, termed D 1, is positively coupled to adenylate cyclase (Kebabian et al., 1972; Boyson et al., 1986) . The other receptor population, called D2, is either negatively coupled to adenylate cyclase or linked to phospholipase C or a potassium channel (Onali et al., 1985; Enjalbert et al., 1986; Freedman and Weight, 1988) .
Several groups have attempted to demonstrate a denervationinduced increase in DA-sensitive adenylate cyclase activity in the striatum following destruction of the nigrostriatal DA pathway (Von Voigtlander et al., 1973; Mishra et al., 1974; Krueger et al., 1976) . Contradictory results were obtained and the differences observed varied in their amplitude. It has also been reported that the density of Dl receptors, as estimated with labeled SCH 23390, a specific antagonist of Dl receptors, is not affected following denervation of the nigrostriatal DA pathway measured either by binding techniques (Langer et al., 1986) or by quantitative autoradiography (Beresford et al., 1988; Savasta et al., 1988) . These results might indicate either that the supersensitivity of DA receptors, which is easily demonstrated in behavioral studies (Ungerstedt, 1971 ) is related only to modifications of D2 receptors or that D 1 -receptor supersensitivity is not linked to an increase in the number of Dl receptors but to a change in DA-sensitive adenylate cyclase activity, i.e., to an increased number of Dl receptors coupled to adenylate cyclase. Indeed, it was recently shown that the striatum contains a large proportion of "spare Dl receptors" not coupled to adenylate cyclase (Hess et al., 1987) .
The variable results obtained when changes in DA-adenylate cyclase activity are measured following striatal DA denervation could be attributed to differences in the nature (chemical or electrolytic), the size, and the localization of the lesions. For example, electrolytic lesions destroy non-DA neurons as well as ascending DA neurons, and 6-OHDA lesions may destroy not only nigrostriatal DA neurons but also other ascending catecholaminergic pathways. Such nonselective lesions could modify the activity of non-DA neurons projecting onto the target cells of nigrostriatal DA neurons and consequently alter the coupling of Dl receptors to adenylate cyclase. Indeed, it has been shown that the increase in DA-sensitive adenylate cyclase activity does not occur systematically following the destruction of DA afferent fibers in the prefrontal cortex and the nucleus accumbens. Non-DA systems could modulate the development of this denervation receptor supersensitivity through heterologous interactions. Noradrenergic (NA) afferent fibers and possibly glutamatergic cortical efferent neurons seem to play major roles in such a heteroregulation of Dl receptor responsiveness in the prefrontal cortex and the nucleus accumbens, respectively (Tassin et al., 1982 (Tassin et al., , 1986 Reibaud et al., 1984) .
In order to test this hypothesis, unilateral 6-OHDA injections were made into the fields of Forel, a site through which courses all ipsilateral DA ascending fibers (including those innervating Figure I . Localization of the microdisks of striatal tissue punched out to measure DA-sensitive adenylate cyclase activity and DA levels. Microdisks (0.9 mm diameter) containing 32 pg protein each were punched out from 500.pm-thick frontal slices. Four microdisks punched out from each of the anteromedian and laterodorsal parts of the striatum were pooled for biochemical assays. Drawings are taken from the atlas of K&rig and Klippel(l963).
the prefrontal cortex). Seven weeks later, it was found that modifications in DA-stimulated adenylate cyclase activity were not homogeneous throughout the striatum. In some regions, large increases were observed, while in others no changes could be detected. Since an anatomical analysis indicated that the regions in which DA-stimulated adenylate cyclase activity was increased received a major contingent of fibers originating from both the ipsi-and the contralateral prefrontal cortex, the role of these latter cortical neurons was investigated. In this article, we demonstrate that the integrity of the DA innervation of the contralateral prefrontal cortex is necessary for the development of long-term D 1 -receptor denervation supersensitivity in the striaturn. Since DA released in the prefrontal cortex directly or indirectly controls the activity of cortical efferent neurons (Ferron et al., 1984; Thierry et al., 1984) , this suggests that non-DA prefrontocorticostriatal neurons participate in the modulation of Dl-receptor sensitivity in the striatum.
Material8 and Method8
Animals Male Sprague-Dawley rats (250-300 gm, Charles River, France) were used. These were group-housed in a 12 hr dark-light cycle room with temperature maintained at 22°C and 60% humidity.
Lesions Animals were lesioned under ketamine anesthesia (Imalgene R, Iffamerieux, 150 mg/kg, i.p.) using a David Kopf stereotaxic apparatus (DK 900). The incisor bar was placed 3.4 mm above the interaural line.
6-OHDA microinjections made into the&Ids of Forel. A microinjection cannula was implanted into the left fields of Fore1 at the following coordinates: 2.2 mm caudal to Bregma, 1.6 mm lateral to the midline, and 8.4 mm under the surface of the skull. 6-OHDA was dissolved in a solvent containing NaCl(9 gm/liter) and ascorbic acid (0.2 gm/liter), adjusted to pH 4.3, and injected at a dose of 6 fig in a volume of 1.5 ~1 over 5 min.
6-OHDA microinjections made into the prefrontal cortex. The catecholamine innervation of the prefrontal cortex was specifically destroyed by microinjection of 6-OHDA (8 pg in 2 ~1 of the previously described solvent), 3.5 mm rostra1 to the Bregma, 0.5 mm lateral to the midline, and 4.9 mm under the skull surface. 6-OHDA microinjections made laterally to the pedunculus cerebellaris superior. The NA innervation of the prefrontal cortex was destroyed by microiniection of 6-OHDA (6 ud1.5 ~1 solvent) 6.0 mm caudal to the Bregma, 1.4 mm lateral to the midline, and 715 mm under the skull surface.
Retrograde labeling of corticostriatal neurons
Rats anesthetized with ketamine (150 mg/kg, i.p.) received 2 injections of wheat germ agglutinin horseradish peroxidase (WGA-HRP, Sigma) in 2 different regions of the striatum (Fin. 1). The first injection was located into theanteromedian part of'the striatum (anteriority, 9650 pm; laterality, 2 mm; 3.95 mm from dura), according to the atlas of Kiinig and Klippel (1963) . The second injection was made into the laterodorsal part of the striatum (anteriority, 8600 pm; laterality, 3.1 mm; 3.7 mm from dura).
In both cases, a glass micro-pipette (10 MQ impedance) containing WGA-HRP (4%) dissolved in isotonic saline solution (pH 7.5) was implanted unilaterally into the left striatum. WGA-HRP was applied iontophoretically using 7 30.set-long pulses of positive current each separated by 90 sec.
Forty-eight hours later, the animals were anesthetized again with ketamine and perfused through the aortic arch sequentially with 150 ml of 0.9% NaCl, with 300 ml of 0.1 M phosphate buffer @H 7.4) containing 4% glutaraldehyde and finally with the same phosphate buffer solution containing 10% sucrose. Brains were dissected out and rinsed overnight with phosphate sucrose buffer. Brains were then frozen in isopentane maintained at -40°C and 50.pm-thick sections were collected in phosphate buffer using a freezing microtome (Leitz-Wetzlar).
WGA-HRP labeling was revealed according to the procedure of Mesulam (1978) using the tetramethylbenzidine reaction. Sections were mounted onto gelatin-coated slides, quickly dehydrated in graded ethanol, defatted in xylene, and coverslipped. Finally, the pattern of labeled cortical cells was reconstructed from photomontages of frontal sections.
Biochemical methods
Tissue sampling. Lesioned and control animals were killed by decapitation. Brains were rapidly dissected out and their anterior half frozen at -7°C on a Leitz-Wetzlar microtome stage refrigerated by a Leitz Kryomat. Serial brain sections (500 pm thick) were cut and placed onto the refrigerated stage.
Two equilateral triangular punches (each containing 0.36 mg protein) were taken bilaterally from the prefrontal cortex (Lavielle et al., 1979) and immersed into 110 ~1 of a perchloric acid solution (0.1 N) containing sodium metabisulfite (0.05%).
Four circular microdisks of tissue (0.9 mm diameter, 32 fig protein each) were dissected from the anteromedian, laterodorsal ( Fig. 1) , ventromedial, and central parts of the striatum at the 9800 and 9300,880O and 8300, 7800 and 7300, and 7800 and 7300 pm planes, respectively, according to the atlas of Kiinia and Klinnel (1963) Figure 2. Dose-response curves of the DA-sensitive adenylate cyclase activity in the presence or absence of added GTP in 2 striatal areas following a 6-OHDA injection into the fields of Forel. Seven weeks following the lesion, tissues from 2 control (open symbols) and 2 lesioned (tilled symbols) animals were pooled and DA-sensitive adenylate cyclase activity measured for various concentrations of DA in the presence (squares) or absence (circles) of 1 PM added GTP. Each point corresponds to the mean value of 2 determinations that did not differ by more than 8%. One unit represents 1 pmoV min/mg protein of CAMP formed.
2 mM Tris-maleate (pH 7.2) containing 2 mM EGTA and 300 mM (10 mM), creatine kinase (EC 2.7.3.2., 0.2 mg/ml), and adenosine desucrose using a Potter-Elvehjem apparatus (10 strokes). Adenylate cyaminase (EC 3.5.4.4., 0.4 U/ml). In some experiments, GTP (1 PM) or clase activity was assayed by measuring the conversion of CX-)~P-ATP sulpiride (1 PM) were added to the incubation medium. The reaction into 32P-cyclic AMP in the absence or presence of various concentrations was initiated by the addition of 10 ~1 homogenates and was allowed to of DA (0.3-100 PM range) (Bockaert et al., 1977) . The incubation meproceed for 7 min at 30°C. It was stopped by the addition of 100 ~1 of dium (final volume, 40 ~1) contained Tris-maleate (25 mM; pH 7.2) a solution containing 5 mM ATP, 5 mM cyclic AMP, 50 mM Tris-HCl ATP (0.5 mM), MgSO, (1 mM), papaverine (0.1 mM), creatine phosphate (pH 7.4), and 1% sodium lauryl sulfate. 32P-cyclic AMP formed was separated according to Salomon.et al. (1974) . Adenylate cyclase activity was expressed in picomoles of cyclic AMP produced/min/mg protein.
Estimation of DA and NA IeveIs. Aliquots (30 ~1) of striatal homogenates prepared for adenylate cyclase assay were poured into 50 ~1 of 0.1 N perchloric acid containing 0.05% of sodium metabisulfite. Following centrifugation (20,000 x g, 15 min), fractions of supematants (8 ~1) were injected into a high-pressure liquid chromatography Cl8 column equilibrated with a solvent consisting of sodium phosphate buffer (0.1 M), 1 -octanesulfonic acid (2.75 mM), triethylamine (0.25 mM), EDTA (0.1 mM), methanol (15OYo) adjusted with phosphoric acid to pH 2.9 (Wagner et al., 1982) . Injection rate was 1 ml/min. Levels of catecholamines were quantified by electrochemistry using a carbon electrode (Chromatofield Eldec 102) set at 0.65 V. The peaks of NA and DA eluted at 5.4 and 12.6 min, respectively. The data were analyzed with a peak integrator (Spectra Physics SP 4100). Only those animals with striatal DA levels decreased by more than 92% were kept for further analysis.
Prefrontal cortex. Tissue samples were ultrasonicated, centrifugated (20,000 x g, 15 min), and the catecholamines purified on alumina microcolumns (Gauchy et al., 1976) . Eluates were then lyophilized, dissolved in 60 ~1 of water, and injected into a high-pressure liquid chromatography column. The remaining steps were identical to those performed for the quantification of catecholamines in striatal samples. in either the laterodorsal (Figs. 2-4) or central parts of the striaturn. However, DA-sensitive adenylate cyclase activity was enhanced significantly in both the anteromedian (Figs. 2-4) and ventromedian (+ 30%) parts of the striatum. Since factors such as changes in GTP concentrations or modifications of D2 receptors following DA denervation could be responsible for these differences, these were investigated by using the anteromedian and laterodorsal parts of the striatum as reference areas.
Stimulation of adenylate cyclase activity by various concentrations of DA in anteromedian and laterodorsal parts of control and DA-denervated striata Figure 2 shows that the enhanced DA-sensitive adenylate cyclase activity obtained following DA denervation in the anteromedian part of the striatum was associated with a 2-fold increase in the apparent affinity of DA for the Dl receptor adenylate cyclase complex. Although no significant change on DA-sensitive adenylate cyclase maximal activity could be detected in the denervated laterodorsal part of the striatum, a slight increase in the affinity of DA for the D 1 -receptor complex was observed in this striatal area (Fig. 2) . This was likely due to the presence of an endogenous concentration of DA (approximately 0.4 PM in the final volume) in the control homogenates.
E#ect of GTP on DA-sensitive adenylate cyclase activity following unilateral 6-OHDA injection into the3elds of Fore1
The amplitude of the effects induced by the 6-OHDA lesion was not significantly affected by the addition of GTP (1 FM) to the assay (Fig. 2) . In both lesioned and control animals, GTP did not modify the kinetic constants of DA-sensitive adenylate cyclase observed in the anteromedian and laterodorsal parts of the striatum (Fig. 2) . Moreover, the weak decrease in basal and DA-stimulated adenylate cyclase activity indicates the presence of a saturating concentration of endogenous GTP in the tissue homogenates from both striatal subdivisions in the control (Premont et al., 1979) as well as in lesioned animals.
Eflect of sulpiride on DA-sensitive adenylate cyclase activity following unilateral 6-OHDA injection into the fields of Fore1
The presence in the assay of sulpiride (1 PM), a selective antagonist of D2 receptors, did not potentiate the stimulatory effect of 3 or 100 /IM DA on adenylate cyclase activity in the anteromedian and laterodorsal parts of the striatum (Fig. 3) . This demonstrates that D2-receptor-mediated adenylate cyclase inhibition is negligible in our incubating conditions. Moreover, sulpiride did not significantly modify the effects produced by DA nigrostriatal lesions in either striatal subdivisions (Fig. 3) .
Time course of DA-sensitive adenylate cyclase activity in the anteromedian and laterodorsal parts of the striatum following unilateral 6-OHDA injections into thehelds of Fore1
The time of death following the lesion may contribute to differences in the changes in DA-sensitive adenylate cyclase activity observed between different areas of the striatum. It is, indeed, possible that Dl receptors from only some striatal areas remain hypersensitive for a longer time following the destruction of the nigrostriatal DA pathway. This hypothesis was investigated in groups of 4 animals lesioned in the left fields of Fore1 killed 1, 3, 7, and 16 weeks following surgery. Each of these groups was paired with a group of control rats. All animals exhibited a marked reduction in DA levels in their left striatum superior to 92%.
As shown in Figure 4 , DA-sensitive adenylate cyclase activity was increased both in the anteromedian and the laterodorsal parts of the striatum as soon as 7 d following the lesion. This effect was maximal 3 weeks following DA denervation and then declined. The extent of the increase was always weaker in the laterodorsal (maximal increase, +40%) than in the anteromedian part (maximal increase, + 68%) of the striatum. In addition, while DA-sensitive adenylate cyclase activity in the anteromedian part of the striatum remained significantly enhanced as long as 16 weeks following the lesion (+36%), activity in the laterodorsal area had returned to control levels by 7 weeks postlesion (Fig. 4) .
These data suggest that factors other than the time following the lesion contribute to the difference in the effect of DA denervation on the DA-sensitive adenylate cyclase activity observed between these 2 striatal areas.
Retrograde labeling of frontal cortex neurons following WGA-HRP injections into the anteromedian and laterodorsal parts of the striatum Modifications in the activity of non-DA fibers projecting onto the target cells of the nigrostriatal DA neurons could influence the sensitivity of Dl receptors. Therefore, attempts were first made to determine the origin of the non-DA afferent fibers projecting into the 2 striatal reference areas. For this purpose, microiontophoretic injections of WGA-HRP were made into the anteromedian and laterodorsal parts of the striatum.
As revealed by peroxidase staining, the diameter of the diffusion zone at the injection site was 1.1 mm, indicating that a possible overlap in the labeling of the 2 sites of injection was small.
Although several areas, such as the substantia nigra, contained peroxidase staining, the labeling in the anterior cortex was analyzed in detail since clear-cut differences were observed for the 2 sites of injection (Fig. 5) .
Following injection of WGA-HRP into the anteromedian striatum, labeled cortical cells were found in all areas of the medial prefrontal cortex (Krettek and Price, 1977) . Numerous positive cells were seen inside the boundaries of the DA cortical field as defined by Berger et al. (1976) , Lindvall et al. (1978) , and Bjijrklund and Lindvall(1984) . Moreover, comparably dense symmetrical labeling could be observed in the contralateral cortex (Fig. 5) .
When WGA-HRP was injected into the laterodorsal striatum, labeled cortical cells were found to be, in general, more laterally localized than those labeled by the injection made into the anteromedian striatum. These cells were restricted predominantly to the lateral precentral area, but some were also seen in the medial precentral area and the somatosensory cortex. Interestingly, neurons labeled in the contralateral cortex were far less numerous than in the ipsilateral cortex. Moreover, the topography of these cells was slightly different since no labeled neurons could be found in the most lateral parts of the cortex. Finally and most importantly, almost all cells retrogradely labeled by WGA-HRP injections into the laterodorsal striatum were located outside the boundaries of the DA cortical field (Fig.  5) .
These data provide 2 types of information ( Fig. 6 ): First, a large population of the cortical neurons projecting to the anteromedian part of the striatum is located in the discrete cortical area that receives DA projections from the ventral tegmental area (VTA). This is not the case for the cortical cells innervating the laterodorsal part of the striatum. Second, the afferent fibers of the anteromedian part of the striatum originate both from the ipsilateral and contralateral cortices, while those innervating the laterodorsal part predominantly originate from the ipsilatera1 cortex.
Since the unilateral 6-OHDA injections made into the fields of Fore1 destroy not only the nigrostriatal DA system but also other ascending catecholaminergic fibers, including those innervating the cerebral cortex, this lesion could affect differentially the 2 main populations of cortical-subcortical neurons described above.
Effects of combined 6-OHDA injections made into the left fields of Fore1 and the right prefrontal cortex on the DA-sensitive adenylate cyclase activity in the anteromedian striatum
As shown in Table 1 , a unilateral injection of 6-OHDA into the fields of Fore1 affected not only the levels of DA in the ipsilateral striatum but the DA and NA innervations in the ipsilateral prefrontal cortex as well. However, the catecholamine innervation of the contralateral prefrontal cortex was not significantly modified. This suggested that the preserved contralateral catecholaminergic innervation might be responsible for the pro- by Berger et al., 1976, and 'BjBrklund and Lindvall, 1984) when WGA-HRP was injected into the laterodorsal part of the striatum. CAA, commissure anterior, pars anterior; FMI, forceps minor; NAc, nucleus accumbens. Drawings are from the atlas of Kijnig and Klippel (1963 longed Dl receptor denervation hypersensitivity seen in the anteromedian part of the ipsilateral striatum. In order to test this hypothesis, DA-stimulated adenylate cyclase activity in the anteromedian part of the striatum was examined in rats that had received 6-OHDA injections both unilaterally into the fields of Fore1 and in the contralateral prefrontal cortex. Animals were killed 3 or 7 weeks following surgery, and results were compared with those found in animals that had received only a unilateral 6-OHDA injection into the fields of Forel. These combined lesions, as well as producing reductions in DA levels in the ipsilateral striatum, induced large decreases in DA and NA levels in both the right and left prefrontal cortices (Table 1) . Three or 7 weeks after the combined 6-OHDA lesions, no significant modification in DA-sensitive adenylate cyclase activity was observed in the anteromedian part of the DAdenervated striatum, while, at the same time postlesion, the single unilateral injection of 6-OHDA into the fields of Fore1 continued to lead to a significant increase in DA-sensitive adenylate cyclase activity (Fig. 7) .
The disappearance of Dl receptor denervation supersensitivity in the anteromedian striatum resulted from the bilateral destruction of the cortical DA but not NA innervation. Indeed, additional experiments indicated that a significant increase (+38%, p < 0.01) in DA-sensitive adenylate cyclase activity was still observed in the anteromedian part of the denervated striatum 7 weeks after 6-OHDA lesions were made both ipsilaterally to the fields of Fore1 and contralaterally to the pedunculus cerebellaris superior in order to specifically destroy the Cortical cells located in the DA cortical field project bilaterally to the anteromedian striatum. The laterodorsal striatum receives cortical projections from cells lying predominantly outside the ipsilateral DA cortical field. In this latter case, the minor contralateral projections are also represented. SN, substantia nigra; K?A, ventral tegmental area.
ascending NA pathway. In these experiments, basal and DAstimulated adenylate cyclase activities were 87 + 7 and 83 * 8 pmol/min/mg of protein (without DA) and 230 f 9 and 28 1 f 12 pmoI/min/mg of protein (in the presence of 10m4 M DA), respectively, for the control and the double-lesioned rats.
Discussion
Methodological considerations
In the present study, changes in the sensitivity of Dl receptors in striatal areas following destruction of ascending DA neurons were determined by measuring the stimulation of adenylate cyclase activity induced either by various or saturating concentrations (1O-4 M) of DA. Since D2 receptors are coupled negatively to adenylate cyclase (Onali et al., 1985) it could be argued that DA acting on D2 receptors interferes with our estimation of Dl receptors coupled positively to adenylate cyclase. However, the D2-related inhibition of adenylate cyclase activity can be detected only in very specific conditions. For example, the presence of a high concentration (up to 5 x 1O-5 M) of GTP is required. This is likely due to the relatively low affinity of GTP for the Ni GTP-regulatory protein (Rodbell, 1980 Figure 7 . Suppression of the Dl -receptor denervation supersensitivity in ipsilateral anteromedian striatum by a 6-OHDA injection into the contralateral prefrontal cortex. Animals received either a unilateral 6-OHDA injection into the fields of Fore1 or both a unilateral injection into the fields of Fore1 and an injection of 6-OHDA into the contralateral prefrontal cortex and were killed 3 or 7 weeks later. Basal and DAstimulated adenylate cyclase activity in the controls were 92 ZL 8 and 250 * 20 pmol/min/mg protein, respectively. DA-sensitive adenylate cyclase activity was determined in triplicates by the difference between the activity obtained in the presence and absence of DA. Data are expressed as percentages of mean values obtained in corresponding control homogenates. Results are the means + SEM obtained with groups of 6 rats. control values. **p < 0.0 1 (Student's t test) compared with respective 1985). In addition, D2-related inhibition is observed following previous stimulation of basal adenylate cyclase activity induced by either VIP, forskolin, or sodium chloride (Enjalbert and Bockaert, 1983; Onali et al., 1985; Weiss et al., 1985) . The absence of exogenous GTP and of these stimulatory agents in our experimental conditions probably explains why the addition of sulpiride, a D2-selective antagonist, did not significantly modify striatal DA-stimulated adenylate cyclase activity (Enjalbert and Bockaert, 1983) in either striatal subdivisions whether tested in control or in lesioned animals. Difference observed between various striatal areas in the effects of 6-OHDA injection into the fields of Fore1 could be related to differential changes in GTP striatal concentration. For example, the selective depletion of GTP in the laterodorsal striaturn could inhibit the coupling of Dl receptors with adenylate cyclase and prevent increases in DA-sensitive adenylate cyclase activity. However, the addition of GTP (1 KM) did not potentiate stimulation by DA of adenylate cyclase activity either in the laterodorsal or anteromedian striatum, excluding a role of GTP in the effects obtained following 6-OHDA lesion.
Significance of the increase in DA-stimulated adenylate cyclase activity
As already indicated, a population of "spare Dl receptors" not coupled to adenylate cyclase has been demonstrated in the striaturn (Meller et al., 1985; Hess et al., 1987) . According to Hess et al. (1987) this population corresponds approximately to 40% of the total population of D 1 receptors present in the striatum. Therefore, the increase in DA-stimulated adenylate cyclase activity seen in the striatal areas examined following DA denervation in some of our experiments could be easily explained by a decrease in the density of "spare D 1 receptors," that is, by an increase in the number of Dl receptors coupled to adenylate cyclase. It cannot be excluded, however, that the observed supersensitivity of Dl receptors is linked to changes in the efficacy of coupling. In any case, the total number of D 1 receptors does not seem to be affected since, as reported by others (Beresford et al., 1988; Savasta et al., 1988) , we failed to detect, in similar experimental conditions, a change in striatal 3H-SCH 23390 binding by quantitative autoradiography (data not shown).
Time-related changes in DI-receptor supersensitivity following striatal DA denervation
We have shown in the present experiments that the amplitude of denervation supersensitivity of Dl receptors in the rat striaturn is not homogeneous throughout this structure and that several factors can affect its development.
The time elapsed following the destruction of the nigrostriatal DA pathway seems critical. Indeed, DA-sensitive adenylate activity increased rapidly, reaching maximal levels 3 weeks after the 6-OHDA lesion and then declining at rates depending on the striatal areas examined. For example, the anteromedian and ventromedian parts of the striatum, which receive afferent fibers originating from the prefrontal cortex (Beckstead, 1979; Donoghue and Herkenham, 1986) , developed a significant hypersensitivity of Dl receptors as long as 7 weeks following the lesion. This hypersensitivity at 7 weeks postlesion could no longer be observed in the laterodorsal and central parts of the striatum, subdivisions that are not innervated by the prefrontal cortex.
Since no regeneration or sprouting of DA nerve terminals (as indicated by DA levels) occurred in the striatum several weeks after the 6-OHDA destruction of ascending DA fibers, the disappearance of Dl receptor supersensitivity in the laterodorsal striatum at this time was likely due to heterologous regulation of Dl receptors by non-DA fibers. The influence of these non-DA fibers in the laterodorsal part of the striatum would be very pronounced since a complete reversal of the Dl-receptor denervation supersensitivity seen 3 weeks after the lesion was observed when animals were killed 7 weeks after the destruction of the DA neurons. Such a long-term reversal in the effects of lesions of nigrostriatal DA neurons has already been reported in electrophysiological and behavioral studies (Ungerstedt, 197 1; Schultz and Ungerstedt, 1978; Marshall, 1979; Staunton et al., 198 1) . We propose that non-DA systems afferent or intrinsic to the striatum compensate for the deficits induced by the loss of DA innervation. The precise relationships between these compensatory mechanisms and the reversal of Dl-receptor denervation supersensitivity remains, however, unknown.
Influence of the cortical DA innervation on the appearance of the striatal Dl -receptor denervation supersensitivity As mentioned previously, the main difference between those striatal areas in which hypersensitivity of D 1 receptors persisted, and those in which it did not, seem to be their anatomical relationship with the prefrontal cortex and, more precisely, as indicated by the WGA-HRP experiments, with the cortical areas receiving Type 1 DA projections from the VTA (Berger et al., 1976; Lindvall et al., 1978; Bjiirklund and Lindvall, 1984) (Fig.  6) . A prolonged Dl receptor denervation supersensitivity requires, at least for the anteromedian part of the striatum, the presence of an intact contralateral prefrontocortical DA innervation. The importance of this contralateral cortical DA innervation can easily be understood since, as demonstrated by the WGA-HRP experiments, approximately half of the corticostriatal fibers a&rent to the anteromedian striatum originate from neurons located in the contralateral prefrontal cortex. And indeed, it was found that its destruction prevented the occurrence of Dl-receptor denervation supersensitivity in the anteromedian striatum not only 7 weeks but also 3 weeks following the ipsilateral destruction of afferent DA fibers (Fig. 7) . Interestingly, this lesion of the contralateral prefrontocortical DA innervation also prevented the D 1 -receptor denervation supersensitivity observed in the laterodorsal striatum 3 weeks following surgery (data not shown). This latter finding suggests that the destruction of the DA innervation of the contralateral prefrontal cortex influences Dl -receptor denervation supersensitivity in this striatal subdivision either directly through a minor population of cortical cells innervating the laterodorsal striatum or indirectly through corticocortical connections.
Possible role of corticostriatal glutamatergicjbers on the regulation of striatal DI receptor denervation supersensitivity
The present results obtained with the anteromedian striatum are consistent with previously published reports of D 1 -receptor denervation supersensitivity in the nucleus accumbens following bilateral 6-OHDA injections made into the VTA (Tassin et al., 1982; Reibaud et al., 1984) . In these experiments, the bilateral destruction of cortical DA innervation hampered, 6 weeks later, the development of Dl-receptor hypersensitivity in the DA-denervated nucleus accumbens. Moreover, when the corticosubcortical pathways were destroyed D 1 -receptor denervation supersensitivity in the nucleus accumbens was obtained (Reibaud et al., 1984) . Taken together, these data suggest that it is the lack of control by the mesocorticoprefrontal DA system of non-DA corticosubcortical neurons (possibly glutamate@) that is responsible for the absence of Dl-receptor denervation hypersensitivity structures.
in the anatomically connected subcortical
Reactivity of DA receptors to striatal DA denervation in relation to their anatomical localization Savasta et al. (1987) have recently shown that D2-receptor denervation supersensitivity, following destruction of the nigrostriatal DA pathway, is not homogeneous throughout the striaturn. Using quantitative autoradiography of 3H-spiroperidol binding, these authors observed D2-receptor hypersensitivity in the lateral but not in the medial part of the striatum. It would seem therefore, that Dl and D2 receptors in these 2 striatal areas react to DA denervation in opposite ways. The mechanisms responsible for the development of striatal D2-receptor denervation supersensitivity seem, however, to be different from those involved with D 1 receptors since D%-receptor denervation supersensitivity is not affected by the destruction of the corticostriatal pathways (Paturle et al., 1987) .
Interestingly, numerous behavioral studies of the rat have shown that the medial and lateral striatal areas investigated particularly in our study are functionally distinct (Dunnet et al., 1981; Simon, 1981; Dunnet and Iversen, 1982; Divac, 1983) . Further, their anatomical connections suggest that they are in contact with the corticolimbic and sensorimotor systems, respectively. It could be argued that the main subdivisions of the striatum are, in fact, related to the presence of "striosomes" and "matrix" (Graybiel and Ragsdale, 1983; Gerfen, 1984) . However, even if these subdivisions have important functional significance, the anatomical data provided by Donoghue and Herkenham (1986) indicate that, while prefrontocortical cells project preferentially into striosomes, these prefrontocortical efferent fibers essentially innervate striosomes located in the medial part of the striatum. Similarly, the cortical cells lying in the somatosensory cortex clearly innervate the laterodorsal part of the striatal matrix (Donoghue and Herkenham, 1986) . These data are in good agreement with those obtained in our WGA-HRP experiments.
In conclusion, the present study demonstrates that, in addition to the heteroregulation of Dl receptors in the prefrontal cortex by ascending NA fibers (Tassin et al., 1982 (Tassin et al., , 1986 and of D 1 receptors in the nucleus accumbens by corticosubcortical neurons (Reibaud et al., 1984) , striatal Dl receptors are also subject to heteroregulation by cortical afferent fibers. Since this innervation originates from cells located in the cortical areas receiving DA projections, it can be postulated that such heteroregulations have important functional significance and that their study may provide new information about relationships existing between the different structures innervated by the ascending DA pathways.
